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A hadron and string cascade model, JPCIAE, which is based on LUND string model, PYTHIA event
generator especially, is used to study both inclusive photon production and direct photon production
in 200A GeV S + Au central collisions. The model takes into account the photon production from
the partonic QCD scattering process, the hadronic final-state interaction, and the hadronic decay
and deals with them consistently. The results of JPCIAE model reproduce successfully both the
WA93 data of low pT inclusive photon distribution and the WA80 data of transverse momentum
dependent upper limit of direct photon. The photon production from different decay channels is
investigated for both direct and inclusive photons. We have discussed the effects of the partonic
QCD scattering and the hadronic final-state interaction on direct photon production as well.
PACS numbers: 25.75.-q, 24.85.+p, 13.85.Qk, 13.75.Cs
I. INTRODUCTION
Currently, relativistic nucleus-nucleus collisions are
used to study the characteristics of nuclear matter un-
der extreme conditions. One of the goals in this study is
to search for the quark-gluon plasma (QGP), which is be-
lieved to be formed at high temperature and/or density
[1–4] during a nucleus-nucleus collision at high energies.
Photons arising from the electromagnetic interactions of
the constituents of the plasma will provide information
on the properties of the plasma at the time of their pro-
duction [5]. Since photons hardly reinteract in the pro-
duced medium, they form a relatively ‘clean’ probe to
study a QGP state. The possible detection, in near fu-
ture, of the photon produced in the QGP phase in rel-
ativistic heavy-ion collider (RHIC) and/or large hadron
collider (LHC) will be of great interest in probing such a
QGP state, but presently that might not be the case at
CERN SPS energies [6–15].
Photons measured after the subtraction of the photons
from meson decays are usually called “direct photon”.
The direct photons could be produced from the inter-
action of matter in the QGP phase, a mixed QGP and
hadron phase, and a pure hadron phase [1,2]. The ther-
mal direct photon and prompt direct photon are referred
to the photons produced from the partonic QCD pro-
cesses in the QGP phase and in the hadron phase, respec-
tively. However, the photons produced in the hadronic
interactions are sorted into hadronic direct photon, al-
∗Mailing address. E-mail: hui@iris.ciae.ac.cn
though the prompt direct photon is also originated from
hadrons. Different processes give rise to photons in differ-
ent (transverse) momentum regions. Of course, photons,
which might show up in the low transverse momentum
region, extending to the region of intermediate transverse
momentum of 1 −3 GeV/c, from a QGP are specially im-
portant. Photons with energies up to 2 GeV can come
from the decay of pi0 and η resonances as well as from
ρ, ω, η′, and a1, and from the interaction of hadron mat-
ter via piρ → γpi and pipi → γρ reactions (i.e., hadronic
direct photons) [14–17]. If a hot quark-gluon plasma is
formed initially, clear signal of photon from the plasma
could be visible by examining photons with pT in the
region of 2−3 GeV/c [8–10]. However, photons in this
transverse momentum region could also be produced in
the collision of a parton from the projectile nucleon with
another parton from the target nucleon, i.e., prompt di-
rect photon. Such a contribution must be subtracted in
order to infer the net photons from the QGP source, i.e.,
thermal direct photon.
WA80 experimental data of transverse momentum de-
pendent upper limits of direct photon in 200A GeV/c
S + Au central collisions [11] initiate theoretical inter-
ests extensively [15,17–22]. Refs. [18] and [19] concluded
that WA80 data can only be understood if a scenario
with QGP phase transition is assumed. However, in Ref.
[17] the single photon production has been calculated us-
ing relativistic hadronic transport model and taking into
account self-consistently the change of hadron mass in
dense matter. It was found there that the spectra with
either free or in-medium meson mass do not exceed the
WA80 upper limits, although the experimental transverse
momentum distribution in low pT region was not repro-
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duced quite well. Ref. [15] calculated the direct photon
production using the rate theory (thermal model) and the
hydrodynamical model for space-time evolution of tem-
perature, their results were below WA80 upper limits.
Recently, WA93 measured the invariant differential
cross section distribution of inclusive photons at low
transverse momentum in S + Au central collisions at
200A GeV/c [23]. The results indicated that the photon
yields at low transverse momentum are much enhanced
in comparing with the results of photons from hadron
decays measured by WA80 and with the VENUS 4.12
calculations.
We have already studied in details the photon produc-
tion from QCD hard processes in high transverse mo-
mentum region in nucleon-nucleon, nucleon-nucleus, and
nucleus-nucleus collisions with the effects of parton in-
trinsic transverse momentum and the contributions of
next-to-leading-order Feynman diagram corrections [24].
The results show that the inclusion of intrinsic transverse
momentum of parton leads to an enhancement of photon
production cross section and the enhancement increases
as
√
s decrease. Such an enhancement is an important
consideration in the region of photon momenta under in-
vestigation in high energy heavy-ion collisions.
In this paper, we study the low transverse momentum
distribution of both inclusive photons and direct photons
produced in S + Au central collisions at 200A GeV/c us-
ing a hadron and string cascade model, JPCIAE [25,26].
We have considered consistently the photons from dif-
ferent sources, such as the partonic QCD scattering, the
hadronic final-state interaction, and the hadron decay.
Our results reproduce successfully both the WA80 data
of direct photon upper limits and the WA93 data of low
transverse momentum inclusive photons. We have also
compared the contributions from different hadron decays
in inclusive photon production. The effects of the par-
tonic QCD processes and the hadronic final-state interac-
tions on direct photon production are discussed as well.
II. BRIEF DESCRIPTION FOR THE MODEL
A hadron and string cascade model, JPCIAE, was pro-
posed to describe the relativistic nuclear collision [25,26].
In JPCIAE the simulation is performed in the laboratory
system. The origin of coordinate space is positioned at
the center of the target nucleus and the beam direction
is taken as the z axis. As for the origin of time it is set
at the moment when the distance between the projectile
and target nuclei along z direction is equal to zero (the
collision time can be negative).
A colliding nucleus is depicted as a sphere with radius
∼ 1.05 A1/3 (A refers to the atomic mass number of this
nucleus) in its rest frame. The spatial distribution of
nucleons in this frame is sampled randomly due to the
Woods-Saxon distribution. The projectile nucleons are
assumed to have an incident momentum and the target
nucleons are at rest. That means the Fermi motion in a
nucleus and the mean field of a nuclear system are here
neglected due to relativistic energy in question. For the
spatial distribution of the projectile nucleons the Lorentz
contraction is taken into account. A formation time is
given to each particle and a particle starts to scatter with
others after it is “born”. The formation time is a sensitive
parameter in this model, see Ref. [25] for the details.
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FIG. 1. Transverse momentum distribution of direct pho-
ton (in rapidity range of 2.1 ≤y≤ 2.9) produced in S + Au
central collisions at 200A GeV/c. The arrows stand for WA80
upper limits at the 90% confidence level [11], the solid circles
refer to the results of JPCIAE, and the dashed curve are the
results of [17].
A collision time is calculated according to the require-
ment that the minimum approaching distance of a col-
liding pair should be less than or equal to the value√
σtot/pi, where σtot is the total cross section of the col-
liding pair. The minimum distance is calculated in the
center of mass system (C.M.S.) frame of the two collid-
ing particles. If these two particles are moving towards
each other at the time when both of them are “born”, the
minimum distance is defined as the distance perpendicu-
lar to the momenta of both particles. If the two particles
are moving back to back, the minimum distance is de-
fined as the distance at the moment when both of them
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are “born”. All the possible collision pairs are then or-
dered into a collision time sequence, called the collision
time list. The initial collision time list is composed of the
colliding nucleon pairs, in each pair here one partner is
from the projectile nucleus and the other from the target
nucleus.
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FIG. 2. The solid curve is the theoretical transverse mo-
mentum distribution of direct photons (i.e. the inclusive pho-
tons after subtraction of pi0 and η decay photons) in full ra-
pidity space produced in S + Au central collisions at 200A
GeV/c. The full triangles, the open squares, the full squares,
and the open circles are the ρ, ∆, η′, and φ and ω decay pho-
tons, respectively. The photons from hadronic interactions,
cf. Eqs. 6, and 7 are shown by full circles.
Then the pair with the least collision time in the initial
collision time list is selected to start the first collision. If
the c.m.s. energy,
√
s, of this colliding pair (a hadron-
hadron collision) is larger than or equal to ∼ 4 GeV, two
string states are formed and PYTHIA is called to pro-
duce the final state hadrons (scattered state). Otherwise
no string state is formed and the conventional two-body
scattering process [27–29] is executed. After the scatter-
ing of this colliding pair, both the particle list and the
collision time list are then updated and they are now not
only composed of the projectile and target nucleons but
also the produced hadrons. Repeat the previous steps to
perform the second collision, the third collision, · · ·, un-
til the collision time list is empty, i.e. no more collision
occurs in the system. Finally, we consider the decay of
the unstable particles.
In PYTHIA we consider not only the low-pT processes
but also the high-pT processes of the particle production
[30,31]. Many partonic QCD scattering processes includ-
ing photon production have been considered. A user is
allowed to run the program with any desired subset of
those processes.
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FIG. 3. The transverse momentum distribution of inclu-
sive photons in S + Au central collisions at 200A GeV/c. The
solid circles represent WA93 data, the open circles refers to
the results of JPCIAE normalized to the experimental data at
pT = 0.5 GeV/c, the open triangles are the results of VENUS
4.12 normalized to the experimental data at pT = 0.3 GeV/c
and the dotted histogram is WA80 decay photons.
We have inspected this model and the corresponding
event generator, JPCIAE, by comparing model predic-
tions with the NA35 data of the charge multiplicity, the
rapidity and the transverse momentum distributions of
the negative charge particles (h−) and the participant
protons in pp, pA, and AB collisions [25]. The agree-
ments between theory and experiment are reasonably
good. The model has explained successfully the J/ψ sup-
pression in pA and AB (including PbPb) as well [25,26].
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III. RESULTS AND DISCUSSIONS
We have studied the photon production in S + Au
central collisions at 200A GeV/c using JPCIAE model.
Following partonic QCD scattering processes with pho-
ton emission were selected
fi + f¯i → g + γ, (1)
fi + f¯i → γ + γ, (2)
fi + g → fi + γ, (3)
g + g → γ + γ, (4)
g + g → g + γ, (5)
where fi refers to the quark with i flavor and both low-
pT and high-pT contributions are included. The hadronic
photon production reactions
pi + pi → ρ+ γ, (6)
and
pi + ρ→ pi + γ, (7)
were taken into account as well. For simplicity, the
isospin averaged parameterization formulas [9,17] were
used for the relevant cross sections here. Of course, the
hadron decays, such as pi0, η, ρ, ω, η′, a1, ∆, etc. were
included as well.
The results of the transverse momentum distribution of
direct photons (i.e., the inclusive photons after subtrac-
tion of pi0 and η decay photons) produced in a rapidity
range of 2.1 ≤ y≤ 2.9 in central S + Au collisions at 200A
GeV/c are given in Figure 1. In this figure the arrows
stand for WA80 upper limits at the 90% confidence level
[11], the solid circles refer to the results of JPCIAE calcu-
lated with the same centrality and rapidity cuts as WA80,
and the dashed curve represents results of [17]. One sees
from this figure that in comparing with the WA80 data
the results of JPCIAE is somewhat better than Ref. [17],
in low pT region especially. That might be attributed to
the contributions from partonic QCD processes (low-pT
processes) and from emission of photons off quarks and
leptons in shower. In addition, JPCIAE model is also
more self-consistent than one used in [17] where the re-
sults of RQMD has to be an input of hadronic transport
simulation.
The JPCIAE results of transverse momentum distri-
bution of direct photons in full rapidity space produced
in central S + Au collisions at 200A GeV/c are given in
Figure 2 as solid curve. In this figure the full triangles,
the open squares, the full squares, and the open circles
are the ρ, ∆, η′, and φ and ω decay photons, respec-
tively. The photons from hadronic interactions, cf. Eqs.
6, and 7 , are shown by full circles. From Fig. 2 we can
see that at low transverse momentum region the sum of
above decay photons and the photons from hadronic in-
teractions is far below the direct photons. That indicates
the prompt direct photon is visible at low transverse mo-
mentum region in the case of no QGP formation.
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FIG. 4. The transverse momentum distributions of pho-
tons in central collisions S + Au at 200A GeV/c. The solid,
the long-dashed, the dotted, the dashed, and the dot-dashed
curves represent the inclusive photons, the pi0 decay, the ∆
decay, the η and η′ decays, and the ρ decay photons, respec-
tively.
After WA80 measured the upper limits of direct photon
in S + Au central collisions at 200A GeV/c, WA93 mea-
sured further the low transverse momentum distribution
of inclusive photons for the same reaction system. WA93
data (solid circles with error bar) are compared with the
WA80 results of decay photons (dotted histogram) and
with the theoretical calculations of VENUS 4.12 (open
triangles, normalized to the experimental data at pT =
0.3 GeV/c)) in Figure 3. In this figure the open circle
are the results of JPCIAE normalized to the experimen-
tal data at pT = 0.5 GeV/c. From this figure one knows
that the WA93 datum point below pT = 0.1 GeV/c is
distinctly larger than the WA80 decay photons and the
VENUS 4.12 results. However, JPCIAE reproduces this
WA93 datum point and others successfully due to the
contributions from partonic QCD processes (low-pT pro-
cesses) and from emission of photons off quarks and lep-
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tons in shower were taken into account in JPCIAE cal-
culations.
We have calculated also the transverse momentum dis-
tributions of different decay photons in S + Au central
collisions at 200A GeV /c using JPCIAE model, as shown
in Fig. 4. In this figure the solid, the long-dashed, the
dotted, the dashed, and the dot-dashed curves represent
inclusive photons, the pi0 decay, the ∆ decay, the η and
η′ decay, and the ρ decay photons, respectively. The re-
sults indicate that the pi0 decay photons are absolutely
dominant in the production of inclusive photons. The
contributions from η, η′, and ρ decay and even from ∆
decay are much less than one from the pi0 decay, which
accounts for nearly 98.8 % of total decay photons.
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FIG. 5. The rescattering effects to the pi0 production in
central S + Au collisions at 200A GeV/c. The solid and the
dashed curves are the results with and without rescattering,
respectively.
Figure 5 shows the rescattering effect to the pi0 pro-
duction in S + Au central collisions at 200A GeV/c. In
this figure the transverse momentum distributions of pi0
with and without rescattering are shown, respectively, by
the solid and the dashed curves. The total neutral pion
yield with rescattering is nearly twice of the one without
rescattering. In the high transverse momentum region
the effect of rescattering leads pi0 yield increasing nearly
a factor of 1.5 . This increasing factor is even bigger in
the low transverse momentum region. The pi0 yield with
rescattering at pT = 0.05 GeV/c is about 2.4 times of the
one without rescattering. The enhancement of pi0 yield
due to rescattering also responds to the inclusive photon
production enhancement at low transverse momentum.
In summary, we have used the hadron and string cas-
cade model, JPCIAE, to study the photon production
in 200A GeV/c S + Au central collisions. The model
takes into account photon production from the partonic
QCD process, the hadronic final-state interaction, and
the hadron decay and deals with them consistently. The
results of JPCIAE reproduce successfully both the WA80
data of transverse momentum dependent upper limits of
the direct photon and the WA93 data of inclusive photon
low transverse momentum distribution. We have com-
pared the contributions from different hadron decays and
the results show that pi0 is much dominant in the inclu-
sive photon production. Therefore pi0 rescattering plays
an important role in low transverse momentum distribu-
tion of inclusive photon. The partonic QCD processes
(low-pT processes) and the photon emission off quarks
and leptons in shower are quite important in transverse
momentum distribution at low pT region both for inclu-
sive photon and direct photon.
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